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© Radio-transceiver with means for reducing Interference. 



© A transmitter (100) of a radio communication 
apparatus includes means (17) for converting a sig- 
nal (S1) input to the transmitter into a signal (S11) 
having a frequency according to its voltage, means 
(15,16) for mixing a signal (S12) having a prescribed 
frequency with the converted input signal (S11) and 
generating a signal for transmission (S13) having a 
frequency at which communication is substantially 
carried out, means (19) for detecting the frequency 
at which communication is substantially carried out 
from the signal for transmission, and means (100a) 
for eliminating useless signals that are included in 
the signal for transmission and have frequencies 
different from the frequency at which communication 
is substantially carried out. according to the detected 
frequency. Therefore, signals having frequencies dif- 
ferent from the frequency at which communication is 
substantially carried out are not radiated to space. 
As a result, this radio communication apparatus does 
not cause noises in other communication ap- 
paratuses of the same kind and using communica- 
tion frequencies different from that of this apparatus. 
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FIELD OF THE INVENTION 

The present invention relates to a radio com- 
munication apparatus and, more particularly, to a 
transmitter included in the radio communication 
apparatus that does not transmit signals having 
frequencies other than specific frequencies at 
which the radio communication is carried out. 

BACKGROUND OF THE INVENTION 

Figure 17 is a circuit diagram illustrating a 
transmitter of a conventional radio communication 
apparatus. In figure 17, a voltage controlled oscilla- 
tor 17 receives an input signal S1 and outputs a 
signal S1 1 having a frequency in proportion to the 
voltage. A frequency synthesizer 16 generates a 
signal S12 for converting the signal S11 into a 
signal having a frequency to be transmitted. The 
signal S11 from the voltage controlled oscillator 17 
and the signal S12 from the frequency synthesizer 
are input to a mixer 15. The mixer 15 compounds 
these signals and outputs a signal S13 to a voltage 
amplifier 14. The voltage amplifier 14 amplifies the 
signal S13 and outputs a signal S14. The signal 
S14 passes through a filter 13. The filter 13 elimi- 
nates signal component of unnecessary frequency 
from the signal S14 and outputs a signal S14a. The 
signal S14a is radiated into space from an aerial 11 
as a signal S2. A transmit-receive switch 
(hereinafter referred to as TR switch) 12 is inter- 
posed between the filter 13 and the aerial 11. 

In radio communication system, communica- 
tion apparatuses of different kinds have different 
frequency bands for the communication 
(hereinafter referred to as usable frequency bands). 
If an automobile telephone having a usable fre- 
quency band ranging from 900 MHz to 920 MHz 
transmits signals having frequencies outside this 
range, these signals cause a noise of a radio 
communication apparatus having a usable frequen- 
cy band including the frequencies. 

On the other hand, in radio communication 
using the same radio communication apparatuses, 
each person uses his own frequency range in the 
usable frequency band of the communication ap- 
paratus. For example, when a radio communication 
apparatus has a usable frequency band from 900 
MHz to 920 MHz, if the frequency range for each 
person, i.e., each communication, is 100 KHz, two 
hundreds and one radio communications are possi- 
ble. 

Figure 18 illustrates input frequency vs. output 
voltage characteristics of the filter 13 of the radio 
transmitter 800 shown in figure 17. The usable 
frequency band of this radio transmitter ranges 
from 900 MHz to 920 MHz. As shown in figure 18, 
the filter 13 has a pass band for suppressing sig- 



nals of frequencies that are not included in the 
usable frequency band (900 MHz - 920 MHz) so 
that the radio transmitter does not cause noise of 
radio communication apparatus of other kinds. For 

5 example, in the radio transmitter 800 shown in 
figure 17, if a signal having a frequency of 700 
MHz is output from the frequency synthesizer 16 
and a signal having a frequency of 210 MHz is 
output from the voltage controlled oscillator 17, a 

io signal having a frequency of 910 MHz (700 MHz + 
210 MHz) and a signal with a frequency of 1120 
MHz (700 MHz + 210 MHz x 2) are output from 
the voltage amplifier 14. Since the signal having a 
frequency of 1120 MHz is eliminated by the filter 

75 13, it is not radiated to space. 

As described above, in the prior art radio com- 
munication apparatus, signals produced in the ap- 
paratus and having frequencies other than the us- 
able frequency band of the apparatus are not radi- 

20 ated to space. However, the transmission signal 
generating means comprising the voltage con- 
trolled oscillator 17, the frequency synthesizer 16, 
and the mixer 15 generate weak signals, i.e., sig- 
nals at low amplitude level, having frequencies that 

25 are within the usable frequency band but are* dif- 
ferent from a substantial communication frequency. 
These signals are not eliminated by the filter 13. 
For example, in a communication apparatus having 
a usable frequency band of 900 - 920 MHz and 

30 operating at a frequency of 911 MHz, if signaJs 
having a frequency of 912 MHz are produced by 
the transmission signal generating means, these 
signals are transmitted together with signals of 91 1 
MHz and cause noise of other communications 

35 using the frequency of 912 MHz. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
40 a radio communication apparatus including a trans- 
mitter which does not transmit signals of frequen- 
cies that are within a usable frequency band of the 
radio communication apparatus but are different 
from a frequency at which communication is sub- 
45 stantially performed. 

Another object of the present invention is to 
provide a radio communication apparatus including 
a receiver which eliminates signals having frequen- 
cies, that are within a usable frequency band of the 
so radio communication apparatus but are different 
from a frequency at which communication is sub- 
stantially carried out. and demodulates the remain- 
ing signals. 

Other objects and advantages of the invention 
55 will become apparent from the detailed description 
that follows. The detailed description and specific 
embodiments described are provided only for il- 
lustration since various additions and modifications 
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within the spirit and scope of the invention will be 
apparent to those of skill in the art from the de- 
tailed description. 

According to a first aspect of the present in- 
vention, in a transmitter of a radio communication 
apparatus, a frequency at which communication is 
substantially carried out (hereinafter referred to as 
substantial communication frequency) is detected 
from transmission signals comprising signals input 
to the transmitter and signals having a prescribed 
frequency for converting the input signals into sig- 
nals having the substantial communication frequen- 
cy, and signal components having frequencies oth- 
er than the detected frequency are eliminated from 
the transmission frequencies. Therefore, this trans- 
mitter does not cause noises in other radio com- 
munication apparatuses using frequencies that are 
within the usable frequency range of this transmit- 
ter but are. different from the substantial commu- 
nication frequency. 

According to a second aspect of the present 
invention, the substantial communication frequency 
is detected from an output signal of a loop fitter 
included in a frequency synthesizer for generating 
the signal having a prescribed frequency, and sig- 
nal components having frequencies other than the 
detected frequency are eliminated from the trans- 
mission signals. Therefore, this transmitter does 
not cause noises in other radio communication 
apparatuses using frequencies that are within the 
usable frequency range of this transmitter but are 
different from the substantial communication fre- 
quency. In addition, means for detecting the sub- 
stantial communication frequency from the trans- 
mission signals can be dispensed with. 

According to a third aspect of the present 
invention, in a receiver of a radio communication 
apparatus, a substantial communication frequency 
is detected from an output signal of a loop filter 
included in a frequency synthesizer for generating 
a signal having a prescribed frequency that deter- 
mines the substantial communication frequency, 
and signal components having frequencies other 
than the detected frequency are eliminated from 
received signals and, thereafter, the remaining sig- 
nals are demodulated. Therefore, demodulated sig- 
nals having no noise are produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a circuit diagram illustrating a trans- 
mitter of a radio communication apparatus in accor- 
dance with a first embodiment of the present inven- 
tion. 

Figure 2 is a diagram illustrating characteristics 
of band-pass filters included in the transmitter of 
figure 1 . 



Figure 3 is a circuit diagram illustrating a fre- 
quency detecting circuit included in the transmitter 
of figure 1 . 

Figure 4 is a diagram illustrating operating 
s waveforms of the frequency detecting circuit shown 
in figure 3. 

Figure 5 is a diagram illustrating relationship 
between input frequency and output voltage of the 
frequency detecting circuit shown in figure 3. 
w Figure 6 is a block diagram illustrating a signal 

generator included in the transmitter of figure 1. 

Figure 7 is a circuit diagram illustrating a trans- 
mitter of a radio communication apparatus in accor- 
dance with a second embodiment of the present 
/s invention. 

Figure 8 is a circuit diagram illustrating a fre- 
quency variable band-pass filter included in the 
transmitter of figure 7. 
- Figure 9 is a diagram illustrating input fre- 
20 quency vs. output voltage characteristics of the 
frequency variable band-pass filter shown in figure 
8. 

Figure 10 is a diagram illustrating relationship 
between change in the capacitance and .passing 
25 frequency of the frequency variable band-pass filter 
shown in figure 8. 

Figure 11 is a circuit diagram illustrating a 
transmitter of a radio communication apparatus in 
accordance with a third embodiment of the present 
30 invention. 

Figure 12 is a circuit diagram illustrating an 
amplification frequency variable power amplifier in- 
cluded in the transmitter of figure 11. 

Figure 13 is a circuit diagram illustrating a 
35 transmitter of a radio communication apparatus in 
accordance with a fourth embodiment of the 
present invention. 

Figure 14 is a circuit diagram illustrating a 
transmitter of a radio communication apparatus in 
40 accordance with a fifth embodiment of the present 
invention. 

Figure 15 is a circuit diagram illustrating a 
transmitter of a radio communication apparatus in 
accordance with a sixth embodiment of the present 
45 invention. 

Figure 16 is a circuit diagram illustrating a 
receiver of a radio communication apparatus in 
accordance with a seventh embodiment of the 
present invention. 
so Figure 17 is a circuit diagram illustrating a 

transmitter of a radio communication apparatus in 
accordance with the prior art. 

Figure 18 is a diagram illustrating input fre- 
quency vs. output voltage characteristics of a band- 
55 pass filter included in the transmitter of figure 17. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ■ 

Figure 1 is a circuit diagram illustrating a trans- 
mitter of a radio communication apparatus in accor- 
dance with a first embodiment of the present inven- 
tion. In the figure, the same reference numerals as 
in figure 17 designate the same or corresponding 
parts. A transmitter 100 of this first embodiment 
includes a useless signal eliminating circuit 100a in 
place of the filter 13 of the prior art transmitter 800. 

The useless signal eliminating circuit 100a in- 
cludes a plurality of band-pass filters 13a to 13n 
having different pass bands, a switch circuit 18, a 
frequency detector 19, and a signal generator 20. 
The switch circuit 18 selects a filter to be con- 
nected to the voltage amplifier 14 from those filters 
13a and 13n. The frequency detector 19 detects a 
^ substantial communication fre^ 
nal S14 output from the voltage amplifier 14. The 
signal generator 20 generates a signal S16 that 
controls switching operation of the switch circuit 18 
according to the output signal S15 from the fre- 
quency detector 19. 

Figure 2 illustrates band-pass characteristics of 
the band-pass filters 13a to 13n. in which f a to f„ 
indicate frequencies of signals used for commu- 
nication (hereinafter referred to as communication 
frequencies) in the usable frequency band of the 
radio communication apparatus. As shown in figure 
2, the width of the pass band of each band-pass 
filter is approximately equal to the interval between 
the adjacent communication frequencies, and the 
frequency in the center of the pass band cor- 
responds to the communication frequency. 

Figure 3 is a circuit diagram illustrating the 
frequency detector 19. The frequency detector 19 
comprises a NOT circuit 31 to which the output 
signal S14 from the voltage amplifier 14 is applied, 
an AND circuit 32 to which the output signal S14 
and an output signal S31 from the NOT circuit 31 
are applied, a capacitor C31 inserted between the 
output end of the AND circuit 32 and ground, and a 
resistor R31 connected parallel to the capacitor 
C31. Reference numeral S33 designates an output 
signal of the frequency detector 19 and corre- 
sponds to the signal S15 of figure 1. 

Rgure 4 illustrates waveforms of the respective 
signals S14, S31. and S32 of figure 3. As shown in 
figure 4, the pulse width of the signal S32 is 
determined corresponding to the difference in 
phases between the signal S14 and the signal S31. 
The output signal S14 includes weak signals, i.e., 
signals at low amplitude level, generated in the 
latter stage of the voltage amplifier and having a 
frequency that is within the usable frequency band 
but different from the substantial communication 
frequency. However, these signals are eliminated 



through the NOT circuit 31, so that the signal S32 
output from the AND circuit 32 comprises only 
signals having the substantial communication fre- 
quency. 

5 Rgure 5 illustrates a relationship between the 

frequency of the input signal 14 and the output 
voltage of the output signal S33 in the frequency 
detector 19. In figure 5, the output voltage in- 
creases in proportion to the frequency of the input 

w signal S14. 

Rgure 6 is a block diagram illustrating the 
signal generator 20. The signal generator 20 com- 
prises an analog/digital converter 61 receiving the 
output signal S15 of the frequency detector 19 and 

75 a decoder 62 receiving an output signal S61 of the 
analog/digital converter 61 and outputting a signal 
S62. The output signal S62 of the decoder 62 
corresponds t o the s i gnal S1 6 of figure 1. 

^"'^IrTira 

20 converter 61 outputs the digital signal S61 accord- 
ing to the voltage of the input signal S15. The 
digital signal S61 is input to the decoder 62. The 
decoder 62 outputs the signal S62 that controls the 
switch circuit 18, i.e., the switch circuit 18 selects 

25 one of the filters 13a to 13n according to the signal 
S62. 

A description is given of the operation. 
The voltage controlled oscillator 17 receives an 
input signal S1 and outputs a signal S11 having a 
frequency in proportion to the voltage. On the other 
hand, the frequency synthesizer 16 generates a 
signal S12 for converting the signal S11 into a 
signal having a frequency to be transmitted. The 
mixer 15 compounds the signal S11 and the signal 
S12 and outputs a signal S13. The voltage am- 
plifier 14 amplifies the signal S13 and outputs a 
signal S14. The signal S14 is input to the switch 
circuit 18 and to the frequency detector 19. The 
frequency detector 19 detects a substantial com- 
40 munication frequency from the signal S14 and gen- 
erates a voltage signal S15 corresponding to the 
detected frequency. The signal generator 20 gen- 
erates a signal S16 for controlling the switch circuit 
18 according to the voltage of the signal S15. 
45 When the switching control signal S16 is input to 
the switch circuit 18, one signal path of the switch 
circuit 18 is selected, and the signal S14 is guided 
to one of the filters 13a - I3n that has a pass band 
including the detected substantial communication 
so frequency and passes through the filter. In figure 1 , 
the filter 13b is selected. Rnally, a signal S17 
output from the filter 13b is transmitted through the 
switch 12 and radiated to space from the aerial 11. 
According to the first embodiment of the 
55 present invention, in the radio communication ap- 
paratus 100, the frequency detector 19 detects the 
substantial communication frequency from the out- 
put signal S14 of the voltage amplifier 14, and the 
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signal generator 20 selects the band-pass fitter 13b 
according to the result of the detection. The se- 
lected band-pass filter 13b has a pass band includ- 
ing a center frequency corresponding to the de- 
tected communication frequency and a width 5 
equivalent to the internal between adjacent commu- 
nication frequencies in the usable frequency band 
of the communication apparatus. The signal S14 is 
transmitted through the selected band-pass filter 
13b. Therefore, signals having frequencies different ;o 
from the substantial communication frequency, 
which are generated in the voltage controlled os- 
cillator 17, the frequency synthesizer 16, and the 
mixer 15 and included in the signal S14, are not 
radiated to space. As a result, this radio commu- 75 
nication apparatus 100 does not cause noises in 
communication apparatuses of the same kind and 
using communication frequencies different from 
that -oLthe. communication apparatus 100, 

Figure 7 is a circuit diagram illustrating a trans- 20 
mitter of a radio communication apparatus in accor- 
dance with a second embodiment of the present 
invention. In figure 7, the same reference numerals 
as in figures 1 and 17 designate the same or 
corresponding parts. In a transmitter 200 according 25 
to this second embodiment, the output signal S14 
from the power amplifier 14 is input to the fre- 
quency detector 19. The frequency detector 19 
detects the substantial communication frequency 
from the signal S14 and generates a voltage signal 30 
SI 5 according to the detected frequency. A signal 
converter 20a receives the signal voltage S15 and 
outputs a signal Sl6a to a frequency variable band- 
pass filter 71. The frequency variable band-pass 
filter 71 changes its pass band according to the 35 
signal S16a so that the pass band is equal to the 
substantial communication frequency. In this sec- 
ond embodiment, the signal converter 20a per- 
forms only the level conversion of signals, dif- 
ferently from the analog/digital converter 61 ac- 40 
cording to the first embodiment. 

Figure 8 is a circuit diagram illustrating the 
frequency variable band-pass filter 71 shown in 
figure 7. In figure 8, the band-pass filter 71 in- 
cludes three resonance circuits 71a to 71c. The 45 
resonance circuit 71a comprises an inductor L81 
and a variable capacitor C81 which are connected 
parallel to each other. An input end of the reso- 
nance circuit 71a is connected to an input terminal 
71 d. The resonance circuit 71b comprising an in- so 
ductor L83 and a variable capacitor C83 which are 
connected in parallel is interposed between an 
output end of the resonance circuit 71a and an 
input end of a band-pass filter 81 . The resonance 
circuit 71c comprising an inductor L82 and a vari- 55 
able capacitor C82 which are connected in parallel 
is interposed between a junction of the resonance 
circuits 71a and 71b and ground. The input signal 



S|„ corresponds to the signal S15 of figure 7, and 
the output signal Sou, corresponds to the signal 
S16b of figure 7. The variable capacitors C81 to 
C83 change the capacitances according to the volt- 
age of the output signal 16a from the signal con- 
verter 20a. 

Assuming that values of the inductors L81 - 
L83 be 25 nH and values of the capacitors C81, 
C82, and C83 be respectively set at 1.204 nF, 1.2 
nF, and 1.1976 pF by the voltage of the butput 
signal 16a, the input signal S,„ passing through the 
frequency variable band-pass filter 71 has the char- 
acteristics shown in figure 9. That is, this band- 
pass filter 71 transmits a large quantity of signals 
having a frequency of 919 MHz and fewer signals 
having frequencies other than 919 MHz. Especially, 
this filter 71 hardly transmit signals having fre- 
quencies of 918 MHz and 920 MHz. 

-Figure 10 illustrates relationship between vari- 
ation in capacitance in the band-pass filter 71 and 
frequency passing through the filter 71 . In figure 
10, the abscissa shows variations in the capacitan- 
ces of the capacitors C81.C82, and C83, and the 
ordinate shows the center value of the frequency 
passing through the filter. 

In figure 8. the band-pass filter 81 has the 
same characteristics as the band-pass filter 13 
shown in figure 17. This band-pass filter 81 may be 
dispensed with if desired attenuation of signals 
having frequencies other than the pass band is 
achieved by the resonance circuits 71a, 71b, and 
71c. 

In this radio communication apparatus accord- 
ing to the second embodiment of the present in- 
vention, the frequency detector 19 detects the sub- 
stantial communication frequency from the output 
signal S14 of the power amplifier 14 and outputs 
the voltage signal S15 according to the substantial 
communication frequency. According to the voltage 
signal S15, the passing frequency of the variable 
band-pass filter 71 through which the signal S1 4 
passes is changed to the substantial communica- 
tion frequency. Therefore, signals having frequen- 
cies different from the substantial communication 
frequency, which are generated in the voltage con- 
trolled oscillator 17, the frequency synthesizer 16, 
and the mixer 15 and included in the signal S14, 
are not radiated to space, resulting in the same 
effects as in the first embodiment of the invention. 

Figure 11 is a circuit diagram illustrating a 
transmitter of a radio communication apparatus in 
accordance with a third embodiment of the present 
invention. In the figure, the same reference nu- 
merals as in figures 1 and 17 designate the same 
or corresponding parts. In this transmitter, a signal 
S14b output from the power amplifier 14c is input 
to the frequency detector 19. The frequency detec- 
tor 19 detects a substantial communication fre- 
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quency from the signal Sl4b and generates a 
voltage signal S15 according to the detected fre- 
quency. The voltage signal S15 is input to the 
signal converter 20a. The signal converter 20a con- 
verts the voltage signal S15 into a signal S16b that 
changes the amplification band of the frequency 
variable power amplifier 111. Receiving the signal 
Sl6b, the power amplifier 111 has an amplification 
band that amplifies only the substantial commu- 
nication frequency. 

Figure 12 is a circuit diagram illustrating the 
frequency variable power amplifier 111. In figure 
12, reference numeral 1 designates an input termi- 
nal, numeral 7 designates an output terminal, nu- 
meral 2 designates a DC blocking capacitor, nu- 
meral 3 designates a short stub, numeral 4 des- 
ignates a main line, numeral 21 designates a dual 
gate FET having good isolation characteristics, and 
numeral 23 d^ighate^ a phase controller. This 
circuit has a symmetrical structure with the dual 
gate GET 21 as the center of the symmetry. More 
specifically, an end of the short stub 3 is con- 
nected to a junction between the capacitor 3 and 
the main line 4, and the other end is grounded via 
the DC blocking capacitor 2. A gate of the dual 
gate FET 21 is connected to a gate bias terminal 
22, and a junction between the gate and the gate 
bias terminal 22 is grounded via a DC blocking 
capacitor 2. A phase control circuit 23 is connected 
to a junction between another gate of the dual gate 
FET 21 and the main line 4, and another phase 
control circuit 23 is connected to a junction be- 
tweien a drain of the dual gate FET 21 and the 
main line 4. An end of each phase control circuit 
23 opposite the end connected to the FET 21 is 
grounded. The phase control circuit 23 comprises a 
strip line 9, a diode 10, a bias terminal of the 
diode, and a DC current capacitor 2. 

In this power amplifier 111, it is possible to 
separately control the input side phase and the 
output side phase from each other because of the 
isolation characteristics of the dual gate FET 21. 
Therefore, the matching point can be changed re- 
gardless of the impedance of the FET, so that the 
impedance matching is attained at a plurality of 
frequences. 

Since the radio transmitter 300 includes the 
additional power amplifier 1 1 1 , the quantity of am- 
plified power is increased as compared with the 
prior art transmitter 800. Therefore, the quantity of 
power amplified by the power amplifier 14c is 
reduced according to the increase in amplified 
power by the power amplifier 111. 

In the radio communication apparatus accord- 
ing to this third embodiment of the invention, the 
frequency detector 19 detects the substantial com- 
munication frequency from the output signal S14b 
of the power amplifier 14c and generates the volt- 



age signal S15 according to the substantial com- 
munication frequency. According to the voltage sig- 
nal S15, the amplification band of the frequency 
variable power amplifier 1 1 1 that amplifies the sig- 
s nal S14b is changed to the substantial communica- 
tion frequency. Therefore, signals included in the 
signal S14 and having frequencies different from 
the substantial communication frequency are elimi- 
nated by the frequency variable power amplifier 

70 111, resulting In the same effects as In the first 
embodiment of the invention. 

Figure 13 is a circuit diagram illustrating a 
transmitter of a radio communication apparatus in 
accordance with the fourth embodiment of the 
75 present invention. In the figure, the same reference 
numerals as in figures 1 and 17 designate the 
same or corresponding parts. In this transmitter, 
the frequency synthesizer 16 includes a loop filter 
1 22 that determines th^ 

20 voltage controlled oscillator 121. A voltage signal 
S121 output from the loop filter 122 is input to the 
signal generator 20. The signal generator 20 gen- 
erates a signal S16 that controls the switch circuit 
18 according to the voltage of the voltage signal 

25 SI 21. That is, in this transmitter, the frequency 
synthesizer 16 generates the signal S12 that deter- 
mines the substantial communication frequency in 
proportion to the voltage signal S121 output from 
the loop filter 122, so that the substantial commu- 

30 nication frequency is detected by the voltage signal 
S121 output from the loop filter 122. In this struc- 
ture, the voltage signal S12 output from the loop 
fitter 122 serves as the signal S15 output from the 
frequency detector 19 of the transmitter according 

35 to the first embodiment. 

In the radio communication apparatus accord- 
ing to the fourth embodiment of the present inven- 
tion, the same effects as described in the first 
embodiment of the invention are achieved. Further, 

40 since the frequency detector of the first embodi- 
ment that detects the substantial communication 
frequency from the output signal S14 of the power 
amplifier 14 is dispensed with, the size of the 
apparatus is reduced. 

45 Figure 14 is a circuit diagram illustrating a 

transmitter of a radio communication apparatus in 
accordance with a fifth embodiment of the present 
invention. In the figure, the same reference nu- 
merals as in figures 7 and 13 designate the same 

so or corresponding parts. In the radio transmitter 500 
of this fifth embodiment, the transmitter 200 ac- 
cording to the second embodiment and the trans- 
mitter 400 according to the fourth embodiment are 
combined. That is, as in the transmitter 400 of the 

55 fourth embodiment, the substantial communication 
frequency is detected using the voltage signal 
S121 output from the loop filter 121 included in the 
frequency synthesizer 16, and the pass-band of the 
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frequency variable band-pass filter 71 is changed 
according to the voltage signal S121. 

In the radio communication apparatus accord- 
ing to this fifth embodiment, the same effects as in 
the above-described second embodiment are t 
achieved. Further, since the frequency detector that 
detects the substantial communication frequency 
from the output signal S14 of the power amplifier 
14 is dispensed, with, the size of the apparatus is 
reduced. r 

Figure 15 is a circuit diagram illustrating a 
transmitter of a radio communication apparatus in 
accordance with a sixth embodiment of the present 
invention. In the figure, the same reference nu- 
merals as in figures 11 and 13 designate the same ; 
or corresponding parts. In the radio transmitter 600 
of this sixth embodiment, the transmitter 300 ac- 
cording to the third embodiment and the transmit- 
ter 400 according „ to-the Jourth embodiment are- 
combined. As in the transmitter 400 of the fourth a 
embodiment, the substantial communication fre- 
quency is detected using the voltage signal S121 
output from the loop filter 121 included in the 
frequency synthesizer, and the amplification fre- 
quency of the frequency variable power amplifier 2< 
111 is changed according to the voltage signal 121. 

In the radio transmitter of this sixth embodi- 
ment, the same effects as in the above-described 
third embodiment are achieved. Further, since the 
frequency detector that detects the substantial 30 
communication frequency from the output signal 
S14 of the power amplifier 14 is dispensed with, 
the size of the apparatus is reduced. 

Figure 16 is a circuit diagram illustrating a 
receiver of a radio communication apparatus in 35 
accordance with a seventh embodiment of the 
present invention. In the receiver 700, a signal S3 
received by a receiving aerial 1 1 a passes through 
a band-pass filter 151, and signals having fre- 
quencies other than the usable frequency band are 40 
eliminated by the band-pass filter 1 51 , producing a 
signal S151. The signal S151 passes through a 
passing frequency variable band-pass filter 152. On 
the other hand, a frequency synthesizer 16a includ- 
ing a loop filter 122a outputs a signal Si 2a that is 45 
in proportion to a voltage signal S121 output from 
the loop filter 122a and determines the substantial 
communication frequency, and the signal Sl2a is 
input to a mixer 154. A signal generator 20b re- 
ceives the voltage signal Sl21a determines a pass- so 
ing frequency of the passing frequency variable 
band-pass filter 1 52 according to the voltage signal 
121a. Therefore, when the signal S151 passes 
through the passing frequency variable band-pass 
filter 152, signals having frequencies other than the 55 
substantial communication frequency are eliminat- 
ed from the signal S151, resulting in a signal S152. 
The signal S152 is amplified in a low-noise am- 



plifier 153. An output signal S153 from the low- 
noise amplifier 153 and the signal Sl2a output 
from the frequency synthesizer 16a are input to a 
mixer 154, and the mixer 154 outputs a demodu- 
lated signal S4. 

In the transmitters according to the first to sixth 
embodiments of the invention, signals having fre- 
quencies different from the substantial communica- 
tion frequency are not radiated to space. On the 
other hand, in the receiver 700 of this seventh 
embodiment signals having frequencies different 
from the substantial communication frequency are 
eliminated through the band-pass filter 152, and the 
remaining signals having the substantial commu- 
nication frequency are demodulated. 

In the receiver according to this seventh em- 
bodiment of the invention, since the passing fre- 
quency of the passing frequency variable band- 
pass fifter-1 52-is controlled by the voltage signal 
Sl21a output from the loop filter 122a included in 
the frequency synthesizer 16a, so that useless sig- 
nals included in the signal S151 and having fre- 
quencies other than the substantial communication 
frequency are eliminated by the band-pass filter 
152. Therefore, the signal S152 having less noise 
component is produced, resulting in favorable de- 
modulated signal S4. 

The receiver 700 shown in figure 16 is ob- 
tained by rearranging the transmitter shown in fig- 
ure 14 as a receiver. Likewise, the structure of the 
transmitter 400 shown in figure 13 or the transmit- 
ter 600 shown in figure 15 may be applied to a 
receiver. 

Claims 

1- A transmitter (100) of a radio communication 
apparatus (Fig. 1), including: 

means (17) for converting a signal (S1) 
input to the transmitter into a signal (S11) 
having a frequency according to its voltage; 

means (15,16) for mixing a signal (S12) 
having a prescribed frequency with the con- 
verted input signal (S11) and generating a sig- 
nal for transmission (S13) having a frequency 
at which communication is substantially carried 
out; 

means (19) for detecting the frequency at 
which communication is substantially carried 
out from the signal for transmission; and 

means (100a) for eliminating useless sig- 
nals that are included in the signal for trans- 
mission and have frequencies different from 
the frequency at which communication is sub- 
stantially carried out, according to the detected 
frequency. 
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2. A transmitter (100) of a radio communication 
apparatus (Fig. 1), including: 

means (17) for converting a signal (S1) 
input to the transmitter into a signal (S11) 
having a frequency according to its voltage; 

means (15,16) for mixing a signal (12) hav- 
ing a prescribed frequency with the converted 
input signal (S11) and generating a signal for 
transmission (S13) having a frequency at which 
communication is substantially carried out; 

means (19) for detecting the frequency at 
which communication is substantially carried 
out from the signal for transmission; 

a plurality of band-pass filters (13a - 13n) 
having different center frequencies, each fre- 
quency corresponding to one of a plurality of 
communication frequencies that are included in 
a usable frequency band of the transmitter, 
and each band-pass filter having a pass band 
of a width equal to the interval between the 
adjacent communication frequencies; and 

means (18) for switching the path of the 
signal for transmission so that the signal 
passes through one of the band-pass fitters 
that has a center frequency corresponding to 
the frequency at which communication is sub- 
stantially carried out, according to the detected 
frequency. 

3. A transmitter (400) of a radio communication 
apparatus (Fig. 13), including: 

means (17) for converting a signal (S1) 
input to the transmitter into a signal (S11) 
having a frequency according to its voltage; 

a signal synthesizer (16) including a loop 
filter (122) and generating a signal (S12) hav- 
ing a prescribed frequency; 

means (15) for mixing the signal (Si 2) 
having a prescribed frequency with the con- 
verted input signal (S11) to generate a signal 
for transmission (S13) having a frequency at 
which communication is substantially carried 
out; 

a plurality of band-pass filters (13a - 13n) 
having different center frequencies, each fre- 
quency corresponding to one of a plurality of 
communication frequencies that are included in 
a usable frequency band of the transmitter, 
and each band-pass filter having a pass band 
of a width equal to the interval between the 
adjacent communication frequencies; and 

means (18) for switching the path of the 
signal for transmission so that the signal 
passes through one of the band-pass filters 
that has a center frequency corresponding to 
the frequency at which communication is sub- 
stantially carried out, according to an output 
signal (S121) from the loop filter (122). 



4. A transmitter (200) of a radio communication 
apparatus (Fig. 7), including: 

means (17) for converting a signal (S1) 
input to the transmitter into a signal (S11) 
5 having a frequency according to its voltage; 

means (15,16) for mixing a signal (S12) 
having a prescribed frequency with the con- 
verted input signal (S11) to generate a signal 
for transmission (S13) having a frequency at 
to which communication is substantially carried 

out; 

means (19) for detecting the frequency at 
which communication is substantially carried 
out from the signal for transmission; 

75 a passing frequency variable band-pass 

filter (71) through which the signal for transmis- 
sion passes; and 

means (20a) for making the passing fre- 
quency of the passing ~ frequency variable 

20 band-pass filter coincide with the frequency at 

which communication is substantially carried 
out, according to the detected frequency. 

5. A transmitter (500) of a radio communication 
25 apparatus (Fig. 14), including: 

means (17) for converting a signal (S1) 
input to the transmitter into a signal (S11) 
having a frequency according to its voltage; 
a signal synthesizer (16) including a loop 

30 filter (122) and generating a signal (S12) hav- 

ing a prescribed frequency; 

means (15) for mixing the signal having a 
prescribed frequency (S12) with the converted 
input signal (S11) to generate a signal for 

35 transmission (S13) having a frequency at which 

communication is substantially carried out; 

a passing frequency variable band-pass 
filter (71) through which the signal for transmis- 
sion passes; and 

40 means (20a) for making the passing fre- 

quency of the passing frequency variable 
band-pass filter coincide with the frequency at 
which communication is substantially carried 
out, according to an output signal (S121) from 

45 the loop filter (122). 

6. A transmitter (300) of a radio communication 
apparatus (Fig. 11), including: 

means (17) for converting a signal (S1) 
so input to the transmitter into a signal (S11) 

having a frequency according to its voltage; 

means (15,16) for mixing a signal (S12) 
having a prescribed frequency with the con- 
verted input signal (S11) to generate a signal 
55 for transmission (S13) having a frequency at 

which communication is substantially carried 
out; 

means (19) for detecting the frequency at 
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quency; and 

means (154) for mixing the signal (S12a) 
having the prescribed frequency and gener- 
ated in the frequency synthesizer (16a) with 
the received signals from which the useless 
signals are eliminated to demodulate the re- 
ceived signals. 



which communication is substantially carried 
out from the signal for transmission; 

an amplification frequency variable power 
amplifier (111) for amplifying the signal for 
transmission; 

means (20a) for making the amplification 
frequency of the power amplifier coincide with 
the frequency at which communication is sub- 
stantially carried out, according to the detected 
frequency; and 

a filter (13) for transmitting signal compo- 
nents higher than a prescribed amplification 
level from the amplified signal. 

7. A transmitter (600) of a radio communication is 
apparatus (Fig. 15), including: 

means (17) for converting a signal (S1) 
input to the transmitter into a signal (S11) 
having a frequency according to its voltage; 

a signal synthesizer (16) including a loop 20 
filter and generating a signal (S12) having a 
prescribed frequency; 

means (15) for mixing the signal (S12) 
having a prescribed frequency with the con- 
verted input signal (S11) to generate a signal 25 
for transmission (S13) corresponding to a fre- 
quency at which communication is substan- 
tially carried out; 

an amplification frequency variable power 
. amplifier (111) for amplifying the signal for 30 
transmission; 

means (20a) for making the amplification 
frequency of the power amplifier coincide with 
the frequency at which communication is sub- 
stantially carried out, according to an output 35 
signal (S121) from the loop filter (122); and 

a filter (71) for transmitting signal compo- 
nents higher than a prescribed amplification 
level from the amplified signal. 

AO 

8. A receiver (700) of a radio communication ap- 
paratus (Fig. 16), including: 

an aerial (11) receiving signals (S3) from 
space; 

a frequency synthesizer (16a) including a 45 
loop filter (122a) and generating a signal (S12) 
having a prescribed frequency that determines 
a frequency at which communication is sub- 
stantially carried out; 

means (20b,152) for detecting the frequen- so 
cy at which communication is substantially car- 
ried out from an output signal (S121a) of the 
loop filter (122a) of the frequency synthesizer 
(16a) and eliminating useless signal compo- 
nents having frequencies different from the fre- 55 
quency at which communication is substan- 
tially carried out from the signals received by 
the aerial (11), according to the defected fre- 



9. The receiver of claim 8 wherein said useless 
signal eliminating means comprises a passing 
frequency variable band-pass filter (152). and 
means (20b) for detecting the frequency at 
which communication is substantially carried 
out from the output signal (S121a) of the loop 
filter (122a) of the frequency synthesizer (16a) 
and determining the passing frequency of the 
passing frequency variable band-pass filter 
(152) according to the detected frequency. 
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